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1. CG型催化剂上 Cu/Co摩尔比例的影响 
CG型催化剂的 Cu/Co摩尔比为 1 : 3时，具有最好的 CO加氢催化性能。在
5.0 MPa、300 ℃，原料气为 H2/CO/CO2/N2 = 45/45/5/5 (v/v)，空速 = 4800 mLSTP 
/ (h·g–cat)的反应条件下进行活性评价，CO的加氢转化率为 45.1%，总含氧化合物
和 C2-8醇的选择性分别为 73.1%、47.6%，时空产率分别为 773和 419 mg/(g–cat·h)。 
XPS、UV–Vis DRS及氢气程序升温还原（H2–TPR）表征结果显示，工作态
的 CG催化剂表面可能存在着 Cu+和 Cu0物种，四面体配位的 CoTd2+以及 Con+（n 
= 0 ~ 2）。这些 Cu物种和四面体配位的 CoTd2+以及 Con+（n = 0 ~ 2）之间存在着
强相互作用。当 Cu/Co摩尔比例为 1 : 3时 Cu物种最易被还原，此时催化剂对应
的催化性能最好。随着 Cu/Co摩尔比例的减小，CG催化剂表面的 Cu物种对应













摘  要 
II 
当 Cu/Co摩尔比例为 1 : 3时 Cu、Co物种分布达到一个合适的比例，对应的催
化剂性能最高。 
2. 制备方法的影响 











强有效的结合；ADP催化剂上 CO总吸附量最高；CG催化剂在 Cu物种上的 CO
线式吸附量最多，而 CO桥式吸附量远少于 ADP催化剂。这可能也是 ADP催化
剂活性最高，CG催化剂的低碳混合醇选择性最高，且二者在活性及选择性方面





于 IMP催化剂。ADP催化剂和 IMP催化剂均生成了 CuxCoy合金相，CG催化剂
未形成合金相。可见，制备方法显著影响了 Cu1Co1–SiO2催化剂的比表面积、孔




















The “clean coal” technology has been put into agenda recently, considering the 
increase of crude oil external dependence coupled with the "rich coal, deficient oil" 
energy structure in China. Compared with the traditional coal-based chemical industry, 
“clean coal” technology can effectively reduce carbon emissions and improve energy 
efficiency in the utilization of coal. The higher alcohols synthesis from coal-based 
syngas is an important part of “clean coal” technology, which owns the advantage of 
effective utilization of resources. Higher alcohols would be broad prospects in the 
application of fuels of high gasoline octane number, antiknock fuel additive with low 
pollutions, and materials for synthesis of fine chemicals. The optimization of activity 
and selectivity of catalyst is still the major technical bottleneck for the 
industrialization of higher alcohols synthesis technology. 
In this thesis, Cu–Co catalytic system was studied, hoping to provide beneficial 
help to the existing issue of low conversion per pass and low selectivity of C2–8 
alcohols (C2+OH). Citric acid sol–gel method (CG) was applied to prepare the 
CuiCoj–SiO2 catalysts (i = 1–3, j = 1–5). Ammonia evaporation deposition 
precipitation method (ADP) and incipient impregnation method (IMP) were also 
applied to prepare the Cu1Co1–SiO2 catalyst for the conversion of syngas to higher 
alcohols, respectively. The influences of Cu/Co molar ratios and preparation methods 
on the catalytic performance are studied primarily. The relationship of structure and 
activity of catalysts was discussed by a variety of characterizations of Fourier 
transform infrared spectroscopy (FT–IR), X-ray diffraction (XRD), Transmission 
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), Ultraviolet 
visible diffuse reflectance absorption spectra (UV–Vis DRS). The main research 
results are summarized as follows: 
1. Influence of Cu/Co molar ratios 















performances were carried out in a fixed–bed reactor at the conditions of T = 300 ℃, 
P = 5.0 MPa, H2 / CO = 1, Gaseous hourly space velocity (GHSV) = 4800 mL / 
(g–cat·h). The Cu1Co3–SiO2–CG catalyst exhibited CO hydrogenation conversion of 
45.1%, selectivity of total oxygenated organic chemicals of 73.1% and C2+OH of 
47.6%, space time yield (STY) of 773 and 419 mg/(g–cat·h). 
XPS, UV–Vis DRS and H2 temperature programmed reduction (H2–TPR) studies 
suggest that it may exist Cu+ , Cu0, CoTd2+ and Con+ (n = 0 ~ 2) on the surface of the 
tested CG catalyst. And there is a strong interaction between Cu species and Co 
species. The Cu species are easily reduced while the Cu/Co molar ratio is 1 : 3, and 
the catalyst exhibits excellent catalytic performance. The relative intensities of peaks 
of Cu species decrease while that of Co species increase with the decreasing Cu/Co 
molar ratio. Hence, the changes of the corresponding species content are verified. It 
can be supposed that the catalyst will demonstrate the best performance when it 
achieves appropriate distributions of Cu+, Cu0, CoTd2+ and Con+ (n = 0 ~ 2). 
2. Influence of preparation methods 
The CO hydrogenation performance of the CG, ADP and IMP catalysts were 
studied. The results indicate that the CG and ADP catalysts exhibit much more 
excellent catalytic performance than the IMP catalyst. Moreover, CG catalyst has the 
best selectivity of C2+OH, and can inhibit the water gas shift reaction effectively.  
The H2 temperature programmed desorption（H2–TPD） and H2 chemical 
adsorption results indicate that the ADP catalyst has the maximum H2 adsorption 
capacity and the strongest adsorption ability, on which the micro-environment of the 
surface is characterized by a high stationary-state concentration of H-adspecies, 
leading to an enormously promotion of the activity. The CG catalyst has high 
adsorption and the optimum desorption ability which is probably relative to the 
excellent activity and the optimum selectivity of higher alcohols. 
CO adsorption infrared spectroscopy reveals that the ADP catalyst has the 
highest CO adsorption capacity among the three catalysts. The CO linear adsorption 
capacity of on Cu species of the CG catalyst is the highest, but the bridge type 
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